Prolactin participates in the regulation of liver function. However, prolactin receptor (PrlR) expression and its regulation have been described only for hepatocytes. In this study, we investigated the expression and regulation of PrlR isoforms in the other important intrahepatic cellular compartment: the biliary epithelial cells, or cholangiocytes. Our aim was to determine whether prolactin should be considered as a potential regulator of cholangiocyte function under normal and pathological conditions. Cholangiocytes and hepatocytes were differentially isolated from rat liver. PrlR expression was analysed at the mRNA level by isoform-specific semiquantitative PCR, and at the protein level by immunostaining of liver sections. Hormonal regulation of PrlR expression was evaluated by comparing intact rats with gonadectomized, pituitary-grafted or bromocriptine-treated animals. Common bile-duct ligation was used as the experimental model of cholestasis. Our results demonstrate that the expression pattern and regulation of PrlR isoforms is totally different in cholangiocytes compared with hepatocytes: (1) mature rat cholangiocytes express low levels of PrlR, while it is very high in hepatocytes, (2) only the long isoform is detected in cholangiocytes, while the short isoform predominates in hepatocytes and (3) PrlR levels in cholangiocytes are induced by obstructive cholestasis, but not by sex hormones or prolactin, while it is the opposite in hepatocytes. From these data, the actions of prolactin on liver are anticipated to exhibit strong cell-type specificity in both normal and pathological conditions.
Introduction
Several prolactin receptor (PrlR) isoforms have been identified in mammals. In rat, they have been shown to be produced via alternative splicing of PrlR pre-mRNA: the formation of long and short isoforms result from alternative inclusion of proximal exon 10 or distal exon 11 into the mature mRNA, respectively (Bole-Feysot et al. 1998) . These receptor isoforms differ in length and structure of their intracellular domain, which affects signalling properties. Thus, tissue sensitivity and responsiveness to prolactin depend on both the level of total PrlR expression and the ratio of short to long isoforms.
Prolactin signalling is initiated by formation of a complex involving one prolactin molecule and two molecules of PrlR. The long PrlR isoform activates various signalling cascades, among which Janus kinase/signal transduction and activators of transcription (JAK/STAT) is considered to be the central pathway (Bole-Feysot et al. 1998) . The short PrlR isoform exerts dominant-negative effects on STAT activation, resulting from formation of short and long PrlR heterodimers (Perrot-Applanat et al. 1997) . However, short PrlR is also involved in transduction of specific signals, including activation of serine/threonine protein kinase cascades and interaction with 17-hydroxysteroid dehydrogenase (Das & Vonderhaar 1995 , Duan et al. 1997 , Nikelainen et al. 1998 .
Liver is very specific compared with other organs with respect to PrlR expression: the level of PrlR is higher than in most other tissues, and this mainly involves the short isoform since the long PrlR is 10% of total (Nagano & Kelly 1994) . The total level of PrlR in hepatocytes is regulated by sex hormones: oestrogens increase and androgens decrease the content of PrlR mRNA and protein (Jolicoeur et al. 1989 , Sakaguchi et al. 1994 . As in other tissues, prolactin was shown to be another positive regulator of PrlR expression in the liver (Baxter & Zaltsman 1984 . Although PrlR expression is well documented, the actions of prolactin in liver remain poorly understood (Bole-Feysot et al. 1998 ).
Relatively few disembodied data were published regarding prolactin effects on hepatocyte proliferation (Picolleti et al. 1997) as well as on expression of a number of hepatocyte proteins (Bole-Feysot et al. 1998 , Liu et al. 1992 . No liver phenotype has been reported in prolactinor PrlR-knockout mice (Horseman et al. 1997 , Ormandy et al. 1997 , which does not exclude compensatory actions by other cytokine receptors.
Although liver consists essentially of hepatocytes, another important cell compartment involves intrahepatic biliary epithelial cells, referred to as cholangiocytes. These cells are organized in a three-dimensional network of ducts, which implies interactions with other hepatic cell types. Despite their relatively small number, cholangiocytes play an essential role in liver functions, including bile formation and secretion (Alpini et al. 1994b) . The proportion and activity of these two cell types can change dramatically depending on the conditions. During hepatic diseases, such as obstructive cholestasis or jaundice, the bile tree grows intensively, and the proportion of cholangiocytes can be increased to up to 20% of total liver cells (Alpini et al. 1994a) . The responsiveness of cholangiocytes to various regulatory factors is also markedly enhanced under cholestatic conditions (Alpini et al. 1994b , Alvaro et al. 2000b . Because prolactin participates in the regulation of water-ion balance and secretory processes (Bole-Feysot et al. 1998) , its involvement in the regulation of cholangiocyte function is expected. However, since evidence is still lacking that these cells express PrlR, any effect of prolactin under normal or pathological states remains speculative. These issues were addressed in our study. We report the profile of expression on both long and short PrlR isoforms in rat liver, under normal and cholestatic conditions. We also provide some clues on their regulation by sex hormones and prolactin. The unexpected conclusion of our investigations is that the expression of PrlR isoforms and their regulation in cholangiocytes and hepatocytes are dramatically different, and in many cases opposite.
Materials and Methods

Animals
All animals were housed on standard rodent chow and tap water ad libitum and received humane care, the study protocols complied with the Faculty of Biology's (Lomonosov Moscow State University) guidelines.
Intact mature 12-week-old male and female rats as well as immature rats were used to determine the parameters of PrlR expression. To study the influence of sex hormones sexually mature animals were gonadectomized (Smirnova et al. 1998) and rested for 30 days.
For experimental stimulation of bile-duct cell proliferation, intact and gonadectomized animals underwent common bile-duct ligation (CBDL) for 14 days, according to Alpini et al. (1989) . In order to elevate the circulating prolactin level some rats were subjected to transplantation of two donor pituitaries into kidney capsule. The completeness of graft acceptance was determined for each animal by autopsy. This well-characterized impact increases the prolactin level approximately 5-fold, to 55 ng/ml (Garcia et al. 2003) . In 2 days recipient animals underwent CBDL.
Bromocriptine was injected daily after CBDL as 50% ethanol suspension of bromocriptine pills (Gedeon Richter, Budapest, Hungary; 10 µg/kg animal weight) to decrease the level of circulating prolactin. Vehicle was injected into control animals. This treatment decreases the prolactin level 10-fold, to approximately 1 ng/ml .
The tissues were subjected to simultaneous isolation of bile-duct units and hepatocytes or fixed in 4% paraform and used for immunohistochemical staining.
All animal groups were compared with the corresponding sham-operated group to control for non-specific effects. The preliminary reverse transcriptase (RT)-PCR experiments did not reveal any influence of sham operations on PrlR mRNA level or ratio of PrlR isoforms in cholangiocytes (one-way analysis of variance (ANOVA), P>0·6; data not shown).
Immunohistochemistry and cytophotometry
Tissues were embedded in paraplast and sliced into 3 µm sections. Immunohistochemical staining of sections with anti-PrlR antibodies (clone U5; provided by Dr V Goffin and Dr P Kelly, INSERM, Paris, France) and cytophotometry were done as described previously . One hundred and fifty cells on two tissue sections of each animal were measured for the intensity of PrlR-positive immunostaining, which is represented as optical density (OD).
Simultaneous isolation of bile-duct units and hepatocytes
In some experiments, the rat livers were subjected to isolation of hepatocytes and cholangiocytes as intrahepatic bile-duct units (Mennone et al. 1995) . Briefly, the liver was perfused by Ca 2+ -/Mg 2+ -free Hanks' balanced salts solution (all reagents and enzymes for cell isolation and reagents for tissues preparations were from Sigma) containing 0·7 mM EDTA, then perfused through the portal vein by collagenase (0·05%) in Hanks' balanced salts solution with 40 mM HEPES and 5 mM CaCl 2 . Residual portal tissue was mechanically dissociated from hepatocytes and then minced and incubated at 37 C with solution A ( -MEM containing 0·05% collagenase, 0·006% DNase and 0·033% pronase) and solution B ( -MEM containing the same enzymes except for pronase which was replaced with 0·036% hyaluronidase). The obtained suspension was subsequently filtered through 100 and 30 µm nylon net filters (Millipore, Billerica, MA, USA), and bile-duct units that remained on 30 µm mesh were collected and checked by light microscopy for morphology and purity (Fig. 1A) . Additional confirmation of purity of isolated cholangiocytes was provided by RT-PCR with primers for mRNA of bile-duct epithelial cell marker cytokeratin 19 and hepatocyte marker glucose-6-phosphatase (Alpini et al. 1994a; Fig. 1B) . Viability of the bile-duct units was >95% as assessed by Trypan Blue exclusion immediately after cell isolation.
RNA isolation and cDNA synthesis
A total RNA was immediately extracted from hepatocytes and bile-duct fragments according to Chomczynski & Sacchi (1987) . The total RNA concentration was assessed by A 260 and isolated RNA was stored at 50 C until needed. The RNA integrity and purity were verified by agarose gel electrophoresis and spectrophotometry.
Equal quantities of total RNA (0·47 µg) from each sample were reverse-transcribed into cDNA with the Superscript II RT kit (Invitrogen) using 1·5 µg oligo-dT 15 (Syntol, Moscow, Russia). The reaction was performed in 57 µl for 1 h at 42 C with 600 units RT. RNA incubated under identical conditions, but without reverse transcriptase served as a negative control.
PCR
PCR was performed in a volume of 25 µl containing 1 Taq DNA polymerase buffer, consisting of 100 µM dNTP (MBI Fermentas, Vilnius, Lithuania), 0·5 units Taq polymerase (Dialat, Moscow, Russia) and 2 µl RT reaction aliquot. Probes contained 25 pmol of each required oligonucleotide. The GenBank accession numbers of the cDNAs and the size of amplified fragments are listed in Table 1 . PCRs were performed usually for 33 cycles (unless otherwise indicated) with the following regimen: 30 s at 94 C, 30 s at 60 C and 45 s at 72 C.
To check possible reciprocal contamination of cell preparations, PCR was performed for the cDNA of a cholangiocyte marker (cytokeratin 19) using Cytf and Cytr primers and for the cDNA of a hepatocyte marker PCR control of rat cholangiocyte purity. Lanes: 1, hepatocytes isolated from liver of mature female rat; 2-5 bile-duct units isolated from liver of: 2, intact mature female rat; 3, intact mature male rat; 4, mature female rat with CBDL; 5, mature male rat with CBDL. m, DNA size markers (bp); GP, glucose-6-phosphatase (specific marker of hepatocytes); Cyt19, cytokeratin 19 (specific marker of bile-duct epithelial cells).
Table 1 Oligonucleotide primers used in PCR analysis
Primer
Nucleotide sequence Product length (bp)
Oligonucleotides were purchased from Syntol, Moscow, Russia. f, forward-strand primer; r, reverse-strand primer.
(glucose-6-phospatase) using GPf and GPr primers (Table 1 ). For detection of prolactin cDNA 40 cycles of PCR were done with Prf and Prr primers. The PCR products were resolved in 1·5% agarose gel containing ethidium bromide (Sigma). The GeneRuler 100 bp DNA ladder (MBI Fermentas) was used for sizing of DNA fragments.
Semiquantitative RT-PCR assay of PrlR mRNA and isoform ratio
The first step in the validation of semiquantitative RT-PCR for PrlR mRNA reactions were performed under similar conditions with the primers Rf, Rl and Rs to amplify the fragments of long and short mRNAs of PrlR. The PCR products were separated in agarose gel and transferred onto Hybond-N according to standard procedure. The membranes were incubated with -32 Plabelled Rc primer. The length of amplified fragments of PrlR cDNAs corresponded to expected values: 404 bp for the long form and 315 bp for the short one. Products of other sizes were not detected by staining of agarose gel with ethidium bromide or by hybridization with -32 P-labelled Rc, homologous for cDNA of both PrlR isoforms (data not shown). The identity of the nucleotide sequences of amplified fragments to respective segments of cDNA of short and long PrlR forms was confirmed by sequencing of obtained PCR products.
Further semiquantitative PCR for PrlR was performed in the following conditions: each probe contained primers Baf, Bar, Rf and Rc (to assay the total PrlR level) or Baf, Bar, Rf, Rs and Rl (to estimate the ratio of PrlR isoforms); -actin served as an internal standard in both cases. Rf and Baf (1 pmol), labelled by polynucleotide kinase in the presence of [ -32 P]ATP, were added to each probe. The preliminary results demonstrated the exponential phase of amplification of transcripts of -actin and both PrlR isoforms from the 25th to the 33rd cycles (Bogorad et al. 2002 (Bogorad et al. , 2004 . For competitive kinetic analysis, all reactions were run in duplicate. The PCR products were separated by polyacrylamide gel electrophoresis (Fig. 2) and quantified by measuring radioactivity of incorporated isotopes. The region of reliable detection of PCR products and linearity of radioactivity logarithm was from the 29th to the 33rd cycle of amplification (Bogorad et al. 2004) . Relative levels of PrlR mRNA were expressed as arbitrary units (a.u.) after normalization to -actin mRNA levels. The PrlR level for each animal was determined based on at least two independent RT reactions. A detectable level of PrlR mRNA was reproducibly estimated at 0·01 a.u.
Statistical analysis
Values for cytophotometry (five or six animals in each group) and RT-PCR results of PrlR level (four or five animals in each group) are represented as means S.D. Statistical significance was assessed by one-way ANOVA for multiple comparison followed by Mann-Whitney U-test; P<0·05 was considered significant.
Results
Parameters of PrlR expression in the cholangiocytes of normal male and female rats
Hepatocytes of female rats are known to express almost the highest level of PrlR of all tissues. Our data obtained by immunostaining confirm this fact as well as an obvious dependence of PrlR immunostaining in hepatocytes on gender (Fig. 3A and B) , which is also well established Table 2 . (Sakaguchi et al. 1994 , Smirnova et al. 1994 , Bogorad et al. 2004 : male sex hormones decrease and female sex hormones increase PrlR level. In contrast, immunohistochemistry did not reveal any pronounced PrlR-positive signal in cholangiocytes (Fig. 3A and B) . However, we succeeded in detecting of PrlR mRNA in cholangiocytes of intact animals of both sexes by RT-PCR ( Fig. 2A) . This level was found to be low and surprisingly sex-independent.
To compare the influence of sex hormones on PrlR mRNA levels in rat cholangiocytes and hepatocytes we tested the effect of gonadectomy on PrlR level. We did not find any changes in PrlR mRNA level in bile-duct epithelial cells (Fig. 4A) , in contrast to hepatocytes (Fig. 4B) . It is noteworthy that PrlR mRNA levels in cholangiocytes and hepatocytes are well correlated with PrlR-positive immunostaining of liver tissue sections (Fig. 3A and B) .
To investigate the proportion of PrlR isoforms in both cell types, we performed semiquantitative PCRs specific for long and short isoforms. Our results confirm that hepatocytes express predominantly the short isoform of PrlR (Nagano & Kelly 1994) . Surprisingly, the long PrlR isoform was revealed to be the only isoform in cholangiocytes of mature intact rats of both sexes ( Table  2 ). The short isoform was not detected in these cells even by one-side nested PCR (25 cycles with primers specific for short isoform followed by 25 cycles with primers specific for the common fragment of PrlR (see Table 1 ); data not shown).
Moreover, we have previously shown (Bogorad et al. 2004 ) that the ratio of the short to long isoform in hepatocytes is regulated by sex hormones: both male and female sex hormones increase the ratio of the short to long mRNA isoform of PrlR (Table 3 ). In contrast, the pattern of PrlR isoforms mRNA in cholangiocytes remains unchanged after gonadectomy (Table 2) .
While in mature rats PrlR-positive immunostaining of cholangiocytes was very low, cholangiocytes at the earlier stages of postnatal development (45th day post partum) were characterized by transient, sex-independent elevation of PrlR-positive staining, which was much more intense then in hepatocytes at the same stage ( Fig. 3C and  D) . This increased PrlR level is associated with intensive proliferation of bile-duct epithelium, shown earlier by Alpini et al. (1988) .
The pattern of PrlR expression in proliferating cholangiocytes under CBDL
To investigate whether PrlR expression in cholangiocytes is correlated with their activated function and/or proliferation, we have used a well-established model for inducing bile-duct cell proliferation (Alpini et al. 1994) : CBDL is an experimental model of different pathological conditions such as obstructive cholestasis and jaundice. CBDL promoted PrlR immunostaining in cholangiocytes of both male and female rats ( Fig. 3E and F) . PrlR staining was localized in the perinuclear space of proliferating cholangiocytes (nuclei of bile-duct epithelial cells under these conditions constitute approximately 60-70% of the cell surface). We confirmed PrlR upregulation by semiquantitative RT-PCR assay: CBDL was shown to lead to a 3·0-3·4-fold increase in PrlR mRNA level in cholangiocytes of both male and female rats (Fig. 4A) . In sharp contrast, CBDL did not induce an increase of either PrlR-positive immunostaining ( Fig. 3C and D) or mRNA level (Fig. 4B ) in hepatocytes of mature rats. Moreover, in the hepatocytes of male rats, the level of PrlR mRNA was shown to have slightly decreased. The S/L ratio for control animals was estimated based on the sensitivity of the method (0·01 a.u.). *P<0·05, cholangiocytes of rats with CBDL versus rats without CBDL.
The level of mRNA of both PrlR isoforms increased under CBDL: the long isoform by 2·5-fold and the short isoform by even more, at least 10-fold (Table 2) , that is, according to the sensitivity of our method (see Materials and Methods section). In hepatocytes of male and female rats, CBDL was shown to have the opposite effect on the isoform ratio: it increased the ratio of the long to short isoforms (Table 3) .
Since hepatocyte functions are altered under CBDL this can cause changes in sex-hormone metabolism and, consequently, levels. We investigated the impact of sex hormones on PrlR mRNA levels under CBDL. In proliferating cholangiocytes PrlR level was not affected by gonadectomy (Fig. 4A) , whereas hepatocytes maintain their PrlR expression pattern mainly by sex hormones, as in control animals (Fig. 4B) . Surprisingly, gonadectomy was shown to have an effect on the PrlR isoform ratio in neither hepatocytes nor cholangiocytes under CBDL (Tables 2 and 3) .
System prolactin level does not affect the parameters of PrlR expression in cholangiocytes
Since sex hormones had no influence on PrlR expression in cholangiocytes of normal and CBDL animals (Fig. 4) , we investigated the influence of another positive regulator of PrlR level: prolactin (Baxter & Zaltsman 1984 .
Neither an increase in the systemic prolactin level by graft of pituitaries into kidney capsules nor decrease of prolactin level by administration of bromocriptine significantly changed the intensity of PrlR-positive immunostaining in cholangiocytes under CBDL (Fig. 5) . To test the hypothesis of whether autocrine prolactin regulates PrlR expression in rat bile-duct epithelial cells under CBDL we performed RT-PCR to reveal prolactin mRNA. No PCR product was detected in any sample of quiescent or proliferating cholangiocytes (data not shown).
Discussion
In the present study we have demonstrated that PrlR is expressed in rat cholangiocytes at the level of mRNA as well as of protein. The level of PrlR expression in cholangiocytes of immature rats is much higher than in hepatocytes ( Fig. 3B and C) , at this stage PrlR expression is sex-independent in both hepatocytes and bile-duct epithelial cells. Further, in contrast to the sex differentiation of PrlR expression in hepatocytes (Sakaguchi et al. 1994) , in cholangiocytes the level of PrlR declines but remains sex-independent. Nevertheless, we have shown a low level of PrlR mRNA in cholangiocytes of mature male and female rats (Fig. 4) . The level of PrlR protein in cholangiocytes is similar to that in various other tissues: for example pituitary or hypothalamus , as well as the level of mRNA (RT-PCR; data not shown). The pattern of PrlR isoforms expression in cholangiocytes is completely opposite to hepatocytes (the long form predominates in bile-duct cells; Tables 2 and 3 ). The mode of regulation of PrlR total level expression in cholangiocytes has been found to be unusual compared with other types of prolactin target cell: the PrlR level in bile-duct cells does not depend on either sex hormones or prolactin. PrlR gene transcription is controlled by one of three alternative promoters, I, II and III (Hu et al. 1996) . In rat hepatocytes, promoter II is the most active; it includes elements responsive to oestrogens, transcription factor AP-1, nuclear hepatocyte factor 4, and STAT proteins (Galsgaard et al. 1999 , Hu et al. 1996 , Moldrup et al. 1996 . Main regulators of PrlR in rat hepatocytes do not influence PrlR expression in cholangiocytes. Thus, all data suggest that the promoter used in cholangiocytes is not that same as the one used in hepatocytes, and hence some other regulatory factors affect PrlR expression in bile-duct epithelial cells.
PrlR expression in cholangiocytes differs from that in hepatocytes not only by total level, but also by mode of alternative splicing. The long isoform of PrlR is the only isoform detected in quiescent cholangiocytes and this profile of expression is not affected by sex hormones (Table 2) . On the other hand, in hepatocytes sex hormones regulate the total level of PrlR mRNA and the ratio of PrlR isoforms as well. Female and male sex hormones act on the alternative splicing of PrlR premRNA in rat hepatocytes in a unidirectional manner: they increase the preferential inclusion of the distal exon into mature mRNA (Table 3) , although with different efficacies. The effect of oestrogens on alternative splicing resulting in preferential usage of the distal exon was demonstrated for growth hormone receptor pre-mRNA in mouse hepatocytes (Talamantes & Ortiz 2002 ) and for PrlR pre-mRNA in rat hepatocytes (Sakaguchi et al. 1994) . The level of long PrlR isoforms in normal cholangiocytes is almost equal to that found in hepatocytes of male and female rats (Tables 2 and 3 ). Hence, activation by prolactin of JAK/STAT and some other cascades can be expected from the rather pronounced level in bile-duct cells of normal animals.
We have detected elevated PrlR levels in actively proliferating cholangiocytes of immature rats. Thus prolactin may participate in the regulation of bile ducts of developing liver. We have also shown that experimental stimulation of cholangiocytes proliferation by CBDL in mature rats leads to a dramatic increase of PrlR. The PrlR level in rat hepatocytes is not significantly affected under the same conditions (Fig. 4) . PrlRs are not the only receptors whose level increases in proliferating cholangiocytes under obstructive cholestasis: it has been found that the same trend is a characteristic feature of receptors for secretin (Alpini et al. 1994b ) and oestrogen (Alvaro et al. 2000a) . Thus, the responsiveness of cholangiocytes to various regulatory factors including prolactin is enhanced under obstructive cholestasis.
We have also shown that CBDL is associated with the shift in ratio of PrlR isoforms in rat cholangiocytes as well as in hepatocytes. While in hepatocytes it increases the proportion of the long isoform (Table 3) , in cholangiocytes it has the opposite effect: CBDL in these cells causes the appearance of the short isoform of PrlR (Table 2) .
The increased cholangiocyte susceptibility to prolactin may play a role in the direct regulation of bile-duct cell function. We have shown previously that prolactin participates in stimulation of cholangiocyte proliferation after CBDL (Orlova et al. 1999) . Taking into account that the level of the long isoform increases under CBDL, this effect seems to be mediated by activation of the JAK/STAT cascade and some other kinases. Similar cascades are activated by interleukin-6 and insulin-like growth factor, which have been shown to stimulate cholangiocyte proliferation (Alvaro et al. 2000b) .
Prolactin could be considered as a factor participating in the maintainance of normal bile-duct structure and the polarity of cholangiocytes. The intercellular junctions are shown to be dramatically altered under obstructive cholestasis; for example, the level of connexins decreases (Fallon et al. 1995) . Connexins 32 and 43 are the main proteins of gap junctions of hepatocytes and cholangiocytes respectively (Bode et al. 2002 , Fallon et al. 1995 . Prolactin has been shown to increase connexin levels for example, connexin 32 in mammary gland (Miyoshi et al. 2001) and connexin 43 in pancreas islets (Collares-Buzato et al. 2001) . Our preliminary data on connexin expression in cholangiocytes and hepatocytes of investigated groups are in agreement with this suggestion, although further experiments are essential. Another protein, which could be potentially regulated by prolactin in cholangiocytes, is apical bile salt transporter. This protein relates to prolactin-regulated NTCP (Na + /taurocholate cotransporting polypeptide; Lui et al. 1995) . Preliminary experiments have shown some correlation between apical bile salt transporter and PrlR level in rat cholangiocytes under normal and cholestatic conditions, these data are also under investigation in our laboratory.
In summary, this study is the first demonstration of PrlR expression in rat cholangiocytes. The long isoform of PrlR is predominant in these cells. It is noteworthy that this profile of PrlR expression is typical for most tissues but not for hepatocytes. Due to the very low level of the PrlR short isoform, its total level in cholangiocytes is lower than in hepatocytes. Surprisingly, PrlR expression in cholangiocytes does not depend on sex hormones or prolactin, in contrast to many other tissues. Both PrlR isoforms are dramatically induced by CBDL in cholangiocytes but not in hepatocytes. Thus, the different mode of expression of PrlR isoforms and their differential regulation in the various types of cells in liver should be considered as a possible mechanism for enhancing of prolactin signalling specificity in this tissue under normal and pathological conditions.
